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Description 

[0001 ] The invention relates to a process to separate a rhodium/phosphite ligand complex and free phosphite ligand 
trom a hydroformylation mixture also containing high boiling hydroformylation compounds by contacting said mixture 

5 with a polymeric membrane. 

[0002] With hydroformylation is meant the reaction of an ethylenically unsaturated organic compound with hydrogen 
and carbon monoxide in the presence of a hydroformylation catalyst, in which an aldehyde compound is obtained. 
[0003] Compounds having a higher boiling point than the aldehyde product are designated as high boiling hydrofor- 
mylation compounds in this specification. Examples are aldehyde condensation by-products, for example dimers, trim- 

10 ers and tetramers of the aldehyde. 

[0004] A problem in hydroformylation processes is the excessive accumulation of such high boiling compounds in 
the recirculating catalyst stream. The recirculating catalyst stream is the stream which originates after the recovery of 
the hydroformylation aldehyde product. It is therefore necessary to separate the high boiling compounds from the 
recirculating catalyst stream by means of a purge. The presence of a high boiler purge has been found to be a problem 

15 because such purge is a potential source of rhodium loss. Rhodium metal is extremely expensive and significant losses 
can easily make the operation of commercial plants uneconomic. For a commercially interesting process it is therefore 
necessary to recover the catalyst system comprising the rhodium/phosphite ligand complex and free phosphite ligand 
from such a high boiler hydroformylation purge stream. 

[0005] A process for separating rhodium and phosphite ligand from a mixture also containing high boiling hydrofor- 
20 mylation compounds is described in WO-A-9634687. In Example 3 of this publication rhodium and a bidentate phosphite 
ligand is separated from a mixture containing rhodium, a bidentate phosphite ligand, butyraldehyde and 1 0 wt.% trimer 
of butyraldehyde using a polydimethylsiloxane composite membrane obtained from Membrane Products Kiryat Weiz- 
mann. WO-A-9634687 does not exemplify the separation of rhodium and phosphite ligand from a high boiler hydro- 
formylation purge. 

25 [0006] It has been found that, when the membrane separation process as described in WO-A-9634687 is used for 
separating rhodium and phosphite ligand from a high boiler hydroformylation purge, the flux through the membrane is 
relatively small which prevents it from being a commercially attractive process. 

[0007] The efficiency of a given membrane is determined by two parameters; its selectivity and the flow through the 
membrane. The latter, often denoted as the flux or permeation rate, is defined as the volume flowing through the 
30 membrane per unit area and time. The selectivity of a membrane towards a mixture is generally expressed by the 
retention R. The cut-off of a given membrane is defined as that molecular weight which is at least 90% rejected by the 
membrane. A membrane having a cut-off of x g/mole means that all compounds with a molecular weight greater than 
x are 90% or more rejected. 

[0008] The object of the invention is to provide a membrane separation process for separating a rhodium/phosphite 
35 ligand complex and free phosphite ligand from a hydroformylation mixture also containing high boiling hydroformylation 
compounds with an improved flux. 

[0009] This object is achieved in that said mixture is diluted with at least one diluent compound having a solubility 
parameter such that the absolute difference in relation to the solubiltity parameter of 

[0010] the membrane lies between 0 and 400 JkJ/m 3 and the ratio of the molar volume of the phosphite ligand and 
40 said diluent compound is £ 1 .5, to such an extent that the amount of high boiling compounds in said mixture is £ 50 
wt.% and/or the amount of compounds with a molecular weight of between x ± 200 is < 20 wt.%, whereby x is the cut- 
off of the membrane (g/mole) (relative to the total amount of the mixture). 

[001 1] It has been found that with the process according to the invention the flux of the membrane separation process 
is increased more than proportional to the dilution factor. An advantage of the process according to the invention is 
45 that a smaller volume of area of membrane process equipment can be used. From an economical/investment point of 
view smaller process equipment is desired. 

[0012] Dilution of the mixture which is fed to the membrane with a solvent is a technique known in the art for washing 
out low molecular weight compounds. This technique is called diafiltration. Dilution of 1 part of the feed with 1 part of 
solvent suggests that a double amount of membrane area is required in order to permeate the doubled amount of feed. 
50 it has surprisingly been found that in the process according to the invention dilution of the feed with a factor x with at 
least one of the above mentioned diluent compounds advantageously results in an increase of the flux with a factor 
larger than x and hence results in a relative decrease of the membrane area required. 

[0013] The diluent compounds used in the process according to the invention can be any compound having a solu- 
bility parametexsuch that the absolute difference in relation to the solubiltity parameter of the membrane lies between 
55 o and 400 JkJ/m . The absolute difference between the solubility-parameter of the diluent compound and the solubilli^ 
parameter of the membrane is preferably between 0 and 300 *JkJ/m 3 and more preferably between 0 and 200 JkJ/m . 
The ratio of the molar volume of the phosphite ligand and said diluent compound is preferably > 3, more preferably > 5. 
[0014] The solubility parameter of the diluent compound, the aldehyde compound and the high boiling compounds 
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may be readily calculated according to the group contribution method described in AlChE J., 40(10), p. 1697-1710 
(1 994) "New Group Contribution Method for Estimating Properties of Pure Compounds", developed by L. Constantinou 
and R. Ganiand Fluid Phase Equilibria, 103(1), p. 11-22 (1995), "Estimation of the Acentric Factor and the Liquid Molar 
Volume at 298K through a new group Contribution Method", developed by L. Constantinou, R. Gani, and J. P. O'Connell. 
5 [0015] The solubility parameter of the membrane can be obtained from literature sources. Illustrative solubility pa- 
rameters of various polymer membranes are given in WO-A-9634687. 

[0016] The molar volume of the phosphite ligand and diluent compound may be calculated according to the above 
mentioned group contribution method described in Fluid Phase Equilibria, 103 (1), p. 11-22 (1995). 
[0017] By free ligand is meant organophosphite ligand that is not complexed with (tied to or bound to) the rhodium 
w atom of the complex catalyst. Examples of suitable phosphite ligands are given in WO-A-9634687 and WO-A-9733854. 
[0018] In the process according to the invention the concentration of the high boiling compounds in the mixture which 
is fed to the membrane may not exceed 50 wt.%. Preferably the concentration of high boiling compounds is < 30 wt. 
%, more preferably < 25 wt.%. 

[0019] The sum of the amounts of high boiling compounds, ethylenically unsaturated organic starting compound(s), 
is aldehyde compound(s), diluent compound(s), rhodium/phosphite ligand complex, degradation products thereof and 
free phosphite ligand is 100 wt.%. 

[0020] The concentration of the rhodium complex in the liquid to be treated is not critical. In a hydroformylation high 
boiler purge, the concentration will generally be higher than 25 ppm rhodium and lower than 3000 ppm rhodium. Pref- 
erably, the rhodium concentration is higher than 100 ppm and lower than 1200 ppm. More preferably, the rhodium 

20 concentration is equal to or higher than 200 ppm and equal to or lower than 800 ppm. 

[0021] The high boiler hydroformylation mixture containing the hydroformylation catalyst and high boiling compounds 
will generally comprise also 25-80 wt.% of the aldehyde product and 0.5-5 wt.% ligand degradation products. 
[0022] In the process according to the invention, a substantial portion of the high boiling compounds, diluent com- 
pound^) and hydroformylation reaction product is passed through the membrane while retaining a substantial portion 

25 of the rhodium/phosphite ligand complex catalyst and free phosphite ligand. Thereafter high boiling compounds, diluent 
compound(s) and hydroformylation reaction product which passes through the membrane as permeate is removed for 
further downstream treatment and rhodium/phosphite ligand complex catalyst and free phosphite ligand is retained as 
a retentate and then recycled to the hydroformylation reactor. 

[0023] The diluent compound(s) and the hydroformylation reaction product present in the permeate are separated 
30 in one or more separation steps according to conventional techniques. Advantageously the separation is performed 
using vacuum distillation. 

[0024] The membrane used in the process according to the invention is chosen so that on bringing the mixture into 
contact with one side of the membrane at an applied pressure greater than the pressure on the opposite side of the 
membrane, the pressure differential being greater than the osmotic pressure of the system, the permeate has a reduced 

35 content of the rhodium/phosphite ligand complex. Suitable membranes include membranes which are stable in organic 
media, for example the polymeric composite membranes as for example described in WO-A-9634687. Preferred pol- 
ymeric composite membranes are polydimethylsiloxane membranes as for example described in US-A-5265734. 
[0025] The pressure of the feed stream of the membrane separation process according to the invention is generally 
between 0.1 and 4 MPa, preferably between 2 and 4 MPa. The process according to the present invention is performed 

40 using nano- or microfiltration. The pressure of the permeate is in general between 0.1 and 1 Mpa, preferably between 
0.1 and 0.4 MPa. 

[0026] The temperature of the polymeric membrane separation process according to the invention depends on the 
type of polymer used and is restricted by the temperature stability of the polymeric membrane. The temperature is 
generally between 1 0 and 50°C and preferably between 25 and 40 Q C. 
45 [0027] The high boiler purge is generally removed continuously or intermittently from the hydroformylation system. 
The purge may be removed either directly from the reactor or, for example, from some point in the catalyst recycle 
stream. 

[0028] The claimed process can be performed batchwise or continuously, in one or more stages. 
[0029] With the one-step variant, the feed solution is added to the membrane under pressure. In the simplest case 
so the permeate is drawn off and the concentrated solution is removed from the separating device as soon as the desired 
concentration has been reached. This procedure can also be performed continuously to increase the separating effi- 
ciency. The feed solution then flows along the membrane, is concentrated and continuously drawn off, as is the per- 
meate. 

[0030] Multi-stage separation is performed with separating stages either in parallel and/or in series. The series con- 
55 figuration, in which the concentrate is separated in every stage and the permeate solution is passed to the next sep- 
aration stage, is especially advantageous for increasing the recovery of the rhodium/phosphite ligand complex and 
free phosphite. 

[0031] The high boiler purge is preferably removed from a hydroformylation system for the preparation of a linear 
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(or terminal) aldehyde obtainable by hydroformylatlon of unsaturated olefins substituted with one or more functional 
groups according to formula (1 ) or (2) : 

5 CH 3 -CR 9 = CR 10 -R 11 (1) 

CH 3 = CR 9 -CR 10 -R 11 (2) 

10 where R 9 and R 10 are a hydrocarbon group or preferably hydrogen and R 11 is a cyanide group or a hydrocarbon group, 
whether or not substituted with one or more functional groups which contain a hetero atom, for example oxygen, sulphur, 
nitrogen or phosphorus. Preferably, use is made of unsaturated olefins having between 4 and 20 carbon atoms ac- 
cording to formula (1) and/or (2), where R 9 and R 10 are hydrogen. 

[0032] Examples of unsaturated olefins having between 4 and 20 carbon atoms according to formula (1) and (2), 
15 where R 9 and R 10 are hydrogen, are 2-pentene nitrile, 3-pentene nitrile, 4-pentene nitrile, 4-pentenoic acid, 3-pentenoic 
acid and C t -C 6 -alkyl ester of 4-pentenoic acid and 3-pentenoic acid. The resulting aldehyde hydrof ormy lation products, 
in particular methyl-5-formylvaierate, are intermediate products in the preparation of e-caprolactam or adipic acid, which 
are in turn raw materials for the preparation of nylon-6 and nylon-6,6, respectively. Examples of C 1 -C 6 -alkyl-3-penten- 
oate esters and C r C 6 -alkyl-4-pentenoate esters are methyl-, ethyl-, propyl-, isopropyl-, tert-butyl-, pentyl- and cy- 
20 clohexyl-3-pentenoate and 4-pentenoate. Preferably, use is made of methyl-3-pentenoate, and/or methyl-4-pentenoate 
or of ethyl-4-pentenoate and/or ethyl-3-pentenoate because these compounds are readily obtainable. 3-pentene nitrile, 
3-pentenoic acid and C^Cg- alky I esters of pentenoic acid may be present in the reaction mixture as a mixture which 
also comprises 2-and 4-pentenenitrile, 2- and 4-pentenoic acid and C r C 6 -alkyl esters of 2- and 4-pentenoic acid, re- 
spectively. 

25 [0033] The process according to the invention will be described in more detail for the following preferred embodi- 
ments. It shall be evident that the below stated conditions will also be applicable for the above described starting 
mixtures in a manner clear to one skilled in the art. 

[0034] A preferred embodiment is when the hydroformylation mixture which is treated in the process to the invention 
is derived from a hydroformylation process for the preparation of an alkyl 5-formylvalerate by reacting alkyl 3-pentenoate 
30 and/or alkyl 4-pentenoate with carbon monoxide and hydrogen using a rhodium/bidentate phosphite ligand complex 
catalyst as for example described in WO-A-9733854. 

[0035] Examples, of suitable diluent compounds in this preferred embodiment of the invention are the alkyl 5-formyl- 
valerate compounds and its isomers, alkyl 4-pentenoate and its isomers and alkyl valerate and mixtures containing at 
least two of these compounds. A preferred diluent compound is alkyl valerate or a mixture containing alkyl valerate 

35 and one or more alkyl pentenoate compound(s). It has been found that in this preferred embodiment dilution of the 
high boiler purge with alkyl valerate or with a mixture containing alkyl valerate and one or more alkyl pentenoate com- 
pounds is especially advantageous because this results in a further decrease of required membrane area. Another 
advantage of using alkyl valerate is that the retentate of the membrane separation process, containing rhodium/phos- 
phite ligand complex, free phosphite ligand and diluent compound(s) can be recycled to the hydroformylation reactor 

40 without further treatment because alkyl valerate is formed as a by-product in the hydroformylation of alkyl-3-pentenoate 
and/or alkyl-4-pentenoate. 

[0036] Alkyl valerate is a compound which can for example be formed through hydrogenation of the corresponding 
pentenoate compound. For example, methyl valerate is formed as a by-product when hydroformylating methyl-3-pen- 
tenoate and/or methyl-4-pentenoate into methy 1-5 -f ormy Ivalerate. 

45 [0037] The process according to the invention is advantageously to be used in a process for the continuous prepa- 
ration of an alkyl 5-formylvalerate by hydroformylating alky 1-3- and/or 4-pentenoate in the presence of a hydroformyla- 
tion catalyst. First the alkyl 5-formylvalerate is separated from the rhodium/phosphite ligand complex catalyst in a 
conventional separation unit, for example using vacuum distillation, resulting in a fraction containing the alkyl 5-formyl- 
valerate and a fraction containing the catalyst system and high boiling compounds. 

50 Subsequently a part of the organic mixture containing the catalyst system and high boiling compounds is purged and 
the rhodium/phosphite ligand complex and free phosphite ligand are separated from the high boiling compounds with 
the process according to the invention and subsequently recycled to the reactor. 

[0038] In this preferred embodiment of the invention the greatest part of the high boiling compounds has a molecular 
weight M w of between 200 and 
55 [0039] 1 000. A typically distribution of the high boiling compounds is that 70% of all the high boiling compounds has 
a molecular weight less than 600 : 25% has a molecular weight of between 600 and 1000 and 5% has a molecular 
weight more than 1000. 
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[0040] The molar ratio of the multidentate phosphite ligand to rhodium in the hydroformylation reaction mixture and 
the high boiler purge to be treated is generally from 0.5 to 100 and preferably from 1 to 1 0 and most preferably less 
than 1.2 (mol ligand/mol metal). Preferably the ratio is higher than 1.05. It has been found that in this range the ligand 
stability during hydroformylation is optimal and the loss of ligand in the high boiler purge according to this invention is 
minimal. 

[0041] The invention is therefore also directed to a process to prepare alkyl 5-formylvalerate, wherein the following 
steps are performed: 

(a) hydroformylation of an alkyl-3- and/or 4-pentenoate in the presence of a catalyst system containing rhodium 
and a multidentate organic phosphite catalyst, whereby the hydroformylation reaction mixture contains 1-10, pref- 
erably 1 .05-1 .2 mol multidentate phosphite ligand per mol rhodium, 

<b) separating the catalyst system from the reaction mixture obtained in step (a) resulting in a fraction containing 
the linear and branched aldehyde compounds, unconverted starting compound and double-band isomers thereof 
and a fraction containing the catalyst system and high boiling compounds, 

(c) purging part of the fraction containing the catalyst system and high boiling compounds and recycling the rest 
to step (a), 

(d) separating the catalyst system from the purge with the process according to the invention, 

(e) reuse of the catalyst system obtained in step (d) in step (a), 

(f) separating the fraction containing linear and branched aldehyde compounds, unconverted starting compound 
and double-band isomers thereof obtained in step (b) in two or more separation steps in a fraction containing the 
linear aldehyde, a fraction containing the branched aldehyde compounds, a fraction containing the unconverted 
starting compound and double-band isomers thereof and a fraction containing at least alkyl valerate compound, 

(g) recycling the fraction containing the unconverted starting compound and double-band isomers thereof obtained 
in step (f) to step (a), 

(h) feeding at least a part of the fraction containing at least alkyl valerate compound to step (d). 

[0042] The above described preferences regarding hydroformylation starting compound, conditions and catalyst sys- 
tem also apply here. Step (a) is preferably performed as described in for example US-A-5527950, EP-A-712828 or 
WO-A-951 8089. Step (b) may be performed using any separation technique known to a person skilled in the art. 
Examples of suitable separation techniques are (vacuum) distillation, crystallisation, extraction using a suitable extrac- 
tion agent and membrane separation as for example described in WO-A-9634687. 
[0043] A possible process according to the invention is schematically represented in Figure 1 . 
Figure 1 will be elucidated in a non-limitative manner below to illustrate the preparation of methyl-5-formylvalerate. 
[0044] In Figure 1 , methyl-3-pentenoate and/or methyl-4-pentenoate is fed to reactor (A) via stream (1). In Reactor 
A the catalyst system is present. A mixture of CO and H 2 is fed to the reactor (A) via stream (2). The effluent of reactor 

(A) comprising methyl -5-formylvalerate, methyl-3-formylvalerate, methyl -4-formylvale rate, methyl-2-formylvalerate, 
low-boiling by-products (for example methyl valerate, methyl-2-pentenoate and methyl 4-pentenoate), high boiling com- 
pounds, any unconverted methyl-3-pentenoate, the catalyst system, carbon monoxide and hydrogen is fed to flasher 

(B) via stream (3). In the flasher (B) the pressure is reduced to for example atmospheric pressure. Carbon monoxide 
and hydrogen are separated from the reaction mixture via stream (4) and recycled to the reactor (A). The resulting 
liquid mixture is fed to ion exchanger (C), a packed bed of a polystyrene matrix containing basic amine groups, via 
stream (5). The effluent is fed to separation step (D) via resulting liquid stream (6). In separation step (D) the catalyst 
system and high boiling compounds and some methyl-5-formylvalerate is separated from the liquid mixture (stream 
7b). A part of stream (7b) is purged (stream (8)) and the rest is recycled to the reactor (A). The purge stream (8) is 
treated according to the process of present invention in the membrane separation unit (E) containing one or more 
polymeric membranes in series and/or in parallel. The purge stream is somewhere in the membrane separation unit 
(E) diluted with at least one of the above mentioned diluent compounds. In the membrane separation unit (E) the diluted 
high-boiler punge is split into a concentrate stream (8a) and a permeate stream (8b). The concentrate containing 
catalyst system and free phosphite ligand is recycled to the reactor (A). The permeate stream (8b) containing methyl- 
5-formylvalerate, methyl valerate and high boiling compounds is fed to separation step (F), preferably a vacuum dis- 
tillation unit. In separation step (F) the liquid mixture is split into methyl valerate (stream 9a) and methyl-5-f ormylvalerate 
and high boiling compounds (stream 9b). The mixture containing methyl valerate (stream 9a) is optionally for at least 
a part fed to separation step (E). Stream (9b) is fed to separation step (G) in which methyl 5-formylvalerate (stream 
10a) is separated from the high boiling compounds (stream lOb). Stream (7a), leaving the separation unit (D) contains 
the most of the volatile components, for example methyl-2-pentenoate, methyl-4-pentenoate, methyl valerate, most of 
the unconverted m ethyl -3-pentenoate and the most of the aldehyde products. Stream (7a) is fed to separation step H, 
preferably a vacuum distillation unit. In separation step H methyl-5-formylvalerate and its branched isomers are dis- 
charged via stream (lib). Stream (lib) is fed to separation step J, preferably a vacuum distillation unit. In separation 
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step J the branched methyl formyl valerates are discharged via stream (1 2a) and methyl-5-formy I valerate is discharged 
via stream (12b). Stream (lla) is fed to separation step (I), preferably a distillation unit. In separation step (I) methylva- 
lerate, methyl -4-pentenoate and cismethyl-2-pentenoate are discharged via stream (13a). Stream (13a) is at least 
partially fed to separation step (E). Optionally the mixture of stream (13a) is treated with a hydrogenation catalyst in 
5 order to hydrogenate the methyl pentenoate compounds to methyl valerate. Trans-methyl-2-pentenoate and methyl- 
3-pentenoate are recirculated to reactor (A) via stream (13b). 

[0045] The present invention also relates to a process for the separation of m odium/phosphite ligand complex and 
free phosphite ligand from a hydroformylation reaction mixture, also containing aldehyde hydroformylation reaction 
product(s), ethylenically unsaturated starting compounds and optionally high boiling hydroformylation compounds in 
10 which the hydroformylation reaction mixture is contacted with an inorganic membrane. Suitable inorganic membranes 
are for example ceramic membranes formed form alumina, silica or zirconia. The use of inorganic membranes is ad- 
vantageous because they exhibit superior thermal stability relative to polymeric membranes. The inorganic membrane 
separation process can therefore be operated at higher temperatures resulting in an improved flux through the mem- 
brane. 

15 [0046] The invention will be elucidated by the following examples, however these are not intended to limit the scope 
of the invention in any way. 

Comparative Experiment A 

20 [0047] This experiment demonstrates that a low flux is obtained when the concentration of high boilers in the mixture 
is approximately 51 wt.% 

[0048] In a continuous process according to figure 1 , the hydroformylation substrate methyl-3-pentenoate is reacted 
with CO and H 2 to form a mixture of methyl formyl valerates. This is done by contacting methyl-3-pentenoate with a 
catalyst comprising Rh , a bidentate phosphite ligand (M w = 1 090) with formula (3) (molar ratio ligand/rhodium = 1 .05-1 .2 
25 mol/mol) and a mixture of CO and H 2 (95°C, CO:H2 = 1 :1 mol/mol, P = 0.5 MPa, residence time = 6 hrs total in three 
well -mixed reactors in series). After partial separation of the products from the reaction mixture by vacuum evaporation, 
the stream containing the non-volatile catalyst is recycled continuously to the reactor section. 

[0049] In this process the selectivity to high boilers is 0.2-1 .5%. In this experiment the high boiler compounds which 
are formed are allowed to accumulate in the recirculating catalyst stream until their concentration is approximately 51 

30 wt% (the remainder of the mixture comprises the catalyst system, degradation products thereof, reaction products and 
the hydroformylation substrate). The recirculating catalyst stream typically contains 360 ppm Rh (before dilution with 
a diluent compound). When the concentration of high boilers in the recirculating catalyst stream has reached 51 wt%, 
a desired amount of material is purged from the recirculating catalyst stream and is passed over a membrane MPF- 
50 (a polydimethyjsiloxane composite membrane obtained from Membrane Products Kiryat Weizmann with solubility 

35 parameter 471 JkJ/m 3 and a cut-off of 700 g/mole) of in an off-line membrane separation unit according to figure 2. 
The pressure on the retentate side is 0.3 MPa, the pressure on permeate side is approximately 0.5 MPa. The operating 
temperature is 27°C. The initial flux through the membrane is 0.74 kg/ (m2/hr) only and drops to lower values as the 
experiment is progressing. 

40 EXAMPLE 1 

[0050] Experiment A Is repeated except that the high boiler hydroformylation purge mixture is diluted with various 
amounts of methylvalerate before contacting the purge mixture with the membrane. The solubility parameter of meth- 
ybialfirate is 573 JkJ/m 3 . The difference in solubility parameter between the membrane and methylvalerae is 102 
45 JkJ/m 3 . The molar volume of methylvalerate is 0.121 m 3 /kmol and the molar volume of the phosphite ligand with 
formula (3) is 0.932 m 3 /kmol. The ratio of the molar volume of the phosphite ligand and methylvalerate is 7.7. 
[0051] Table 1 shows that dilution of the high boiler hydroformylation purge mixture with methylvalerate results in a 
flux improvement which is much larger than the dilution facter. 

50 
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Table 1: Flux improvement by dilution with 
methyl valerate 
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(1) flux improvement factor = flux after 
dilution/flux before dilution 

(2) dilution factor = concentration of high boiling 

compounds in the mixture before 
i 

dilution/concentration of high boiling compounds in 
the mixture after dilution. 
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EXAMPLE 2 

[0052] This example demonstrates that the separation process according to the invention can be carried out with 
good catalyst recovery and adequate high boiler removal in a very wide concentration factor* 2 ) range. 
[0053] A mixture containing 25 wt% high boilers from the hydroformylation process described in experiment A is 
passed over the same membrane. Samples are taken on the retentate (concentrate) and permeate side of the mem- 
brane at three different concentration factors* 2 ). The Rh retention is given in Table 2. 
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Table 2: Rh retention vs. concentration factor 
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(1) Rh- retention = ( 1 - [Rh] permeate/ [Rh] concentrate) *100% 

(2) Concentration factor « Cf = initial mass of high boiler 

20 

containing mixture / mass of concentrate 

[0054] Clearly, the retention is higher than 90% and constant for a very wide concentration factor range. The example 
25 also shows that by using a multi-stage membrane separation process, very high Rh-recovery (>99 %)can be obtained. 
[0055] The retention of high boilers, catalyst complex and free ligand depends on the molar weight. The cut-off of 
the membrane used in these examples is 700 g/mole. This means that high boilers such as dimers and trimers of 
methyl-5-formylvalerate which have a molar weight « 700 g/mole will tend to permeate through the membrane, whereas 
very heavy high boilers and the catalyst complex and free ligand (molar weight » 700 g/mole) will accumulate in the 
30 concentrate. This is illustrated by Table 3 below. 
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Table 3: Concentration ratio's as a function 

of molar weight for various concentration factors. 



Average- 


Cf « 1.03 


■Cf = 4 .79.,. 


cf « .13 


WW — 


C(cono) / 


C(cbnc) /; . 


C<conc) / 


; [g/mole] 


C (perm) 


C(perm) , 


Ctperm). 


1296 


5,00 


10, 50 


14, 67 


1092 


3,75 


3 , 86 


4 , 18 


802 


5,00 


4, 96 


5, 05 


587 


2 ,71 


3 , 08 


2 , 50 


479 


2 , 08 


1,75 


1,55 


369 


1,53 


1 , 53 


1,61 


369 


1, 05 


1, 16 


1,15 


143 


0, 90 


0, 92 


1, 00 


101 


0, 80 


0, 90 


0,85 



30 

[0056] From Table 3 it is very clear that species with a low molar weight (« 700 g/mole) pass effectively through the 
membrane. It also shows that high molar weight species such as the catalyst complex and ligand (» 700 g/mole) are 
well retained by the membrane. Thus, the process is very effective in separating catalyst from high boilers with a molar 
weigth « 700 g/mole. 

35 

Claims 

1 . Process to separate a rhodium/phosphite ligand complex and free phosphite ligand from a hydroformylation mixture 
40 also containing high boiling hydroformylation compounds by contacting said mixture with a polymeric membrane, 

characterized in that, said mixture is diluted with at least one diluent compound having a solubility parameteraucb 
that the absolute difference in relation to the solubiftity parameter of the membrane lies between 0 and 400 JkJ/m 
and the ratio of the molar volume of the phosphite ligand and said diluent compound is £ 1 .5, to such an extent 
that the amount of high boiling compounds in said mixture is < 50 wt.% and/or the amount of compounds with a 
45 molecular weight of between x ± 200 is < 20 wt.% whereby x is the cut-off of the membrane (g/mole) (relative to 

the total amount of the mixture). 

2. A process according to claim 1 , characterized in that, the concentration of high boiling compounds is < 30 wt.%. 

50 3. A process according to claim 2, characterized in that, the concentration of high boiling compounds is < 25 wt.%. 

4. A process according to any one of claims 1 -3, characterized in that the absolute difference between the soJuhiUty 
parameter of the diluent compou nd and the solubiltity parameter of the membrane is between 0 and 200 J kJ/m . 

55 5. A process according to any one of claims 1 -4 2 characterized in that the ratio of the molar volume of the phosphite 
ligand and said diluent compound is > 5. 

6. A process according to any one of claims 1-5, characterized in that, the hydroformylation mixture is derived from 
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a hydroformylation process for the preparation of an alkyl 5-formylvalerate by reacting alkyl 3-pentenoate and/or 
alkyl 4-pentenoate with carbon monoxide and hydrogen using a rhodium/bidentate phosphite ligand complex cat- 
alyst. 

Process according to claim 6, characterized in that, the diluent compound is alkyl valerate or a mixture containing 
alkyl valerate and one or more alkyl pentenoate compounds. 

Process for the preparation of an alkyl-5-formylvalerate, characterized in that, the following steps are performed: 

(a) hydroformylation of an alkyl-3- and/or 4-pentenoate in the presence of a catalyst system containing rhodium 
and a multi dentate organic phosphite catalyst, whereby the hydroformylation reaction mixture contains 
1 .05-1 .2 mol multidentate phosphite ligand per mol rhodium, 

(b) separating the catalyst system from the reaction mixture obtained in step (a) resulting in a fraction containing 
the linear and branched aldehyde compounds, unconverted starting compound and double-band isomers 
thereof and a fraction containing the catalyst system and high boiling compounds, 

(c) purging part of the fraction containing the catalyst system and high boiling compounds and recycling the 
rest to step (a), 

(d) separating the catalyst system from the purge with the process according to any one of claims 1 -7, 

(e) reuse of the catalyst system obtained in step (d) in step (a), 

(f) separating the fraction containing linear and branched aldehyde compounds, unconverted starting com- 
pound and double-band isomers thereof obtained in step (b) in two or more separation steps in a fraction 
containing the linear aldehyde, a fraction containing the branched aldehyde compounds, a fraction containing 
the unconverted starting compound and double-band isomers thereof and a fraction containing at least alkyl 
valerate compound, 

(g) recycling the fraction containing the unconverted starting compound and double-band isomers thereof 
obtained in step (f) to step (a), 

(h) feeding at least a part of the fraction containing at least alkyl valerate compound to step (d). 

A process for the separation of rhodium/phosphite ligand complex and free phosphite ligand from a hydroformyla- 
tion reaction mixture, also containing aldehyde hydroformylation reaction product(s), ethylenically unsaturated 
starting compound(s) and optionally high boiling hydroformylation compounds, characterized in that, the hydrofor- 
mylation reaction mixture is contacted with an inorganic membrane. 
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